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Monday, February 4, 2013 191aQuite surprisingly, N- and the C-termini remained in close proximity at high
denaturant concentrations for ca. 40% of the conformations, suggesting that
DrkN-SH3behaves at least partially like a disordered circular chain.
Reference:
1. J.A. Marsh and J.D. Forman-Kay, Proteins 80(2):556-572 (2012)
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Intrinsically disordered proteins (IDPs) challenge our traditional notions of
protein structure/function relationships because they are highly dynamic in
their native state and do not form tertiary structures. To design new drugs
for IDPs it is essential to generate realistic structural ensembles for these pro-
teins. We have recently developed a method called broad ensemble generation
with re-weighting (BEGR) where a million or more diverse IDP structures are
generated and then re-weighted to fit experimental data. Results show that
bound state structures of the disordered p53 transactivation domain
(p53TAD) are reproducibly generated, even though the BEGR method is using
experimental data for unbound p53TAD. These bound state structures were
found for wild type p53TAD and a mutant that increases the transient helical
secondary structure of one of the binding sites using only the alpha carbon
chemical shift data.
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Over the last few decades, the discovery of intrinsically disordered proteins
(IDPs) has challenged conventional wisdom by demonstrating that they play bi-
ologically important roles while not holding any well-defined structure. The ex-
perimental characterization of their behaviour is complicated by the fact that
they do not have a folded native state. In addition, an understanding of the
mechanisms by which they operate in vivo is further obscured by the fact
that cellular environments are confined spaces in which they perform their
function: a daunting problem since even the folding of regular proteins in con-
fined environments is still not yet fully understood. Here, we address the dy-
namics and possible structure stabilization of an IDP under confinement by
using all-atom molecular dynamics simulations in explicit water to study the
sporadic formation of secondary structure in the decapeptide fragment of the
full-length amyloid b-protein (implicated in Alzheimer’s disease), the
Ab(21-30) decapeptide. Metastable b-hairpin structures found in this decapep-
tide, and characterized by a lifetime in bulk water, are shown to become more
stable or unstable when confined inside small pores with either polar or non-
polar surfaces. For progressively smaller pores the stability of these b-hairpin
structures is shown to depend on the nature of this surface rather than on the
effects of confinement on the solvent water. Results are also presented using
a familial mutation of the Ab, the Iowa mutation, responsible for a more radical
form of the disease.
Platform: Membrane Structure I
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It is widely accepted that lipid microdomains play an important functional role
in plasma membranes. However, small size and transient nature of lipid/mem-
brane heterogeneities in the plasma membrane make a characterization of mi-
crodomains and microdomain-related membrane processes in cellular systems
quite challenging. To address this important problem, we recently introduced
a powerful model membrane system that allows the investigation of membrane
protein sequestering and oligomerization in raft-mimicking lipid mixtures us-
ing combined confocal fluorescence spectroscopy, photon counting histogram
(PCH), and epifluorescence microscopy (1). Our experiments on bilayer-
spanning domains showed that avb3 and a5b1 integrins predominantly existas monomers and sequester preferentially to the liquid-disordered (ld) phase
in the absence of ligands. Notably, addition of vitronectin (avb3) and fibronec-
tin (a5b1) caused substantial translocations of integrins into the liquid-ordered
(lo) phase without altering receptor oligomerization state. Here we expand our
previous studies and report on the sequestering and oligomerization state of
avb3 and a5b1 in asymmetric bilayer compositions containing coexisting lo
and ld phases located exclusively in the top leaflet of the bilayer (bottom leaflet
shows only ld phase). Remarkably, in such a membrane environment, both in-
tegrins show a higher affinity for the top leaflet-restricted lo domains in the ab-
sence of their respective ligands. This sequestering behavior of integrins was
only slightly modified after addition of their respective native ligands. Our find-
ings show that cholesterol content has a substantial influence on integrin se-
questering and oligomerization in raft-mimicking lipid mixtures. The
described experimental results highlight the potential importance of membrane
asymmetry and lipid composition in the sequestering of membrane proteins in
biological membranes.
(1) Siegel, A. P. et al. (2011) Biophys J 101(7): 1642-1650.
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Compartmentalization of the cellular plasma membrane has been considered
a critical mechanism for regulating molecular interactions occurring in the
plane of the membrane, by varying local molecular concentration and dynamics
within and across the compartments. Among various compartments, raft do-
mains, enriched in sterols, sphingolipids, and proteins anchored by saturated al-
iphatic lipid tails, have been drawing extensive attention but remained elusive
due to their nano-meso-scale sizes. Recently developed plasma membrane ves-
icles (PMVs), which are largely depleted of the actin filaments (actin-based
membrane skeleton) but contain virtually the full complement of lipids and pro-
teins of native membranes, provide a unique platform for investigating raft
domains because, by lowering the temperature, micron-sized raft-like, liquid-
ordered-phase (Lo)-like domains can be induced. Here, using these PMVs
with coexisting domains and single-molecule imaging-tracking methods, we
examined molecular dynamics and concentration of various molecules in raft
and boundary domains. One of the most interesting findings is that GPI-APs,
although they preferentially partition into the Lo-like raft domains, continually
move back and forth between Lo-like domains and the bulk domain, showing
very dynamic partitioning, without any particular concentration in the bound-
ary domain. Their diffusion coefficient within the boundary region has been
measured for the first time: it was in the middle of the values for the Lo-like
domain and the bulk domain. Other observations using molecules with various
levels of raft affinity will be reported and discussed in the context of signal
transduction.
983-Plat
Cell-To-Cell Variability in Plasma Membrane Lipid Rafts
Roland Schwarzer1, Silvia Scolari1, Reismann David1, Rolf Schwarzer2,
Andreas Herrmann1.
1Humboldt University, Berlin, Germany, 2Charite´ - University Hospital
Berlin, Berlin, Germany.
In recent years compelling evidence pointed to an important role of cholesterol
enriched microdomains, so-called lipid rafts in miscellaneous cellular func-
tions. Supposably, this lateral sub-compartmentalization facilitates selective
protein-protein interactions by a local enrichment of the components involved.
To study lipid rafts in the context of virus assembly, we produced several var-
iants of two viral proteins, the Influenza virus transmembrane protein hemag-
glutinin and the Human Immunodeficiency Virus glycoprotein gp41.
Fluorescence lifetime imaging microscopy was used to report Fo¨rster Reso-
nance Energy Transfer (FRET) between a raft marker labelled with a cyan fluo-
rescent protein and viral chimeras in living cells. Since it is highly distance
dependent, occurring FRET indicates a co-clustering of both fluorescent protein
species in membrane microdomains. Both viral proteins were found to be
associated with plasma membrane lipid rafts and interestingly we observed
a significant cell-to-cell variability in our samples exhibiting two distinct
cell-populations with clearly differing raft related properties. To verify this
192a Monday, February 4, 2013intercellular lipid raft heterogeneity we used fluorescence polarization micros-
copy, displaying local enrichment ofGPI-anchored proteins as a complementary
approach. Furthermore, we utilized the environment-sensitive fluorescence life-
time of NBD-PC to further study membrane order on a single-cell level. We
surmise, that the cell-to-cell variability detected is representative of a context-
dependence of cellular plasma membrane organization. Cell synchronization
and cell cycle analysis were conducted to elucidate a potential correlation of
plasma membrane condition and the position of the cells in the cell cycle.
Considering the high spatial and temporal dynamics of plasma membrane lipid
rafts and the sophisticated methods that are necessary to study them it is con-
ceivable, that the additional complexity of the membrane organization de-
scribed here has not been detected in previous investigations. Nevertheless, it
might be representative of cellular mechanisms that enables adoption to envi-
ronmental demands or proliferative progression.
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Microstructured surfaces provide a unique and versatile platform to study cel-
lular processes associated with the plasma membrane. In a recent study we pre-
sented a micropatterning assay to monitor protein-protein interactions in the
live cell plasma membrane and used it to characterize the interaction between
CD4, a major co-receptor in T cell signalling, and Lck, a protein tyrosine kinase
essential for early T cell signaling (Schwarzenbacher, et al., Nat Methods,
2008). For this assay, cells are plated onto microstructured surfaces partly cov-
ered with ligands (antibodies) targeted against membrane proteins (bait), and
the co-localization with a fluorescently labeled protein of interest (prey) is
monitored.
Here, we employ this technique to probe indirect protein-protein interactions,
namely of the lipid raft-associated GPI(glycosylphosphatidylinositol)-anchored
protein CD59 and a GPI-anchored GFP. Interestingly, antibody-mediated mi-
cropatterning of CD59 leads to a colocalization of GPI-GFP (and vice versa).
The mechanism of this can be envisioned as follows: By patterning of one
GPI-anchored protein, a certain membrane microenvironment is created and
the other GPI-anchored protein preferentially localizes into this environment.
We employ different compounds that have been reported to act as ‘raft’ or
‘non-raft’ markers to further characterize the nature of the generated membrane
patterns.
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We detected sphingomyelin (SM), a ubiquitous kind of phospholipids, con-
tained in model cell membranes, using AFM tips linked with lysenin, a probe
protein that specifically binds SM [1]. The model membranes, containing
phosphatidylcholines (DOPC or DPPC) and cholesterol as well as palmitoyl
sphingomielin (PSM), were deposited on mica as double layers in an aqueous
buffer solution. Smooth bilayers of pure PSM and PSMþcholesterol were dis-
cerned with tips without lysenin. The PSMþDOPC and PSMþDOPCþcho-
lesterol areally were separated into two phases in the sub-micron scale. By
lysenin-conjugated tips, on nearly 90% of the force-curve cycles, no attractive
force was observed. In the rest 10% cases, we observed fairly constant adhe-
sion forces ~ 170 pN for the bilayers containing PSM. This force is less than
one tenth of the force to remove a phospholipid molecule out of bilayer [2],
and therefore recognized as the lysenin single-molecular bonding force with
PSM. Lysenin tips were active for averagely 1000 approaches to PSM con-
taining membranes. Some tips were never active. We plotted the distribution
of adhesive force over the two phases seen on the PSMþDOPC(þcholesterol)
bilayers. In one of two phases, the adhesive forces ~ 170 pN were observed,
and in the other phase, adhesive forces were not measured. The phase conden-
sation of PSM was apparently demonstrated by the distribution of force
curves. The bilayer lipid phase containing PSM and cholesterol corresponds
to the ‘‘raft’’ structure on the real cell membranes, anticipated to be instru-
mental in cellular signaling as well as virus infection. Our present technique
will be applicable for direct observation of the raft on real live cell
membranes.
[1] T. Wang et al., Biochemistry 51 (2012) 74.
[2] R. M. Sullan et al., Langmuir25 (2009) 7471.986-Plat
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When prepared in the liquid-liquid coexistence region, the four component
lipid system distearoyl-phosphatidylcholine (DSPC)/dioleoyl-phosphatidyl-
choline (DOPC)/palmitoyl,oleoyl-phosphatidylcholine (POPC)/Cholesterol
with certain ratios of DOPC and POPC shows striking modulated phase
patterns on the surface of giant unilamellar vesicles (GUVs). In this simula-
tion study we show that the morphology of these patterns can be explained
by the competition of line tension (which tends to favor large round
domains) and curvature, as specified by the Helfrich energy functional. In
this study we use a Monte-Carlo simulation on the surface of a GUV to
determine the equilibrium shape and phase
morphology. We find that the patterns
arising from these competing interactions
very closely approximate those observed,
the patterned morphologies represent ther-
modynamically stable configurations, and
that the geometric nature of these patterns
is closely tied to the relative and absolute
values of the model parameters.987-Plat
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Kelvin Probe Force Microscopy (KPFM) is a type of scanning probe micros-
copy which specifically addresses electrostatic properties of materials and
has a great potential to bring new discoveries in biomedical research, but cur-
rently has limited biological applications.
In this work, we report one of a very few applications of Kelvin probe force
microscopy (KPFM) to study complex structures of lipid films and lipid-
protein interactions. Molecular arrangement of lipids and proteins gives rise
to complex film morphology as well as distinct electrical surface potentials,
which may rule many biological processes and diseases. Using Frequency
Modulated - KPFM (FM-KPFM) we discovered an intriguing nanoscale elec-
trostatic effect of cholesterol that may be crucial for understanding the mech-
anism of amyloid toxicity in relation to Alzheimer’s disease (1). Earlier we
observed similar electrostatic domains induced by cholesterol in pulmonary
surfactant (2,3). Here we show that this electrostatic effect of cholesterol is
not specific to only pulmonary surfactant films, but is also present in model
lipid systems and plays an important role in amyloid-lipid interactions. We pos-
tulate that this previously unknown nanoscale electrostatic effect of cholesterol
is a fundamental property, which may greatly influence the interactions of lipid
membranes with other charged molecules.
1.E.Drolle, R.M.Gaikwad, Z.Leonenko, Nanoscale electrostatic domains in
cholesterol-laden lipid membranes create a target for amyloid binding. Bio-
physical Journal, Letters, 2012, 103(4), L27-L29
2.E.Finot, Y.Leonenko, B.Moores, L.M.Eng, M.Amrein, Z.Leonenko. Effect of
cholesterol on electrostatics in lipid-protein films of a lung surfactant, Lang-
muir, 2010, 26 (3), 1929-1935.
3.B.Moores, F.Hane, L.M.Eng, Z.Leonenko, Kelvin probe force microscopy in
application to biomolecular films: Frequency modulation, amplitude modula-
tion, and lift mode, Ultramicroscopy, 2010, 110(6), 708-711.
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Understanding and predicting the permeability of lipid membranes, based on
the membrane composition and the properties of the permeating solute, is
one of the central goals in membrane biology. One important component of
lipid membranes is cholesterol, that is abundant in animal cells in concentra-
tions ranging from 20 to 50 mol%. Here we apply systematic molecular dynam-
ics simulations to study the partitioning of solutes between water and
cholesterol-containing membranes. We derive potentials of mean force for
six different solutes permeating across 25 different lipid membranes containing
